It is argued that the recent Belle data, consistent with no activity in the spectrum of the B * B + BB * pairs at the mass of the Z b (10650) resonance, imply that the part of the interaction between heavy mesons that depends on the total spin of the light quark and antiquark is strongly suppressed. In particular this part appears to be significantly weaker than can be inferred from pion exchange. If confirmed by future more detailed data, the symmetry with respect to the light quark spins, in combination with the heavy quark spin symmetry, would imply existence of four additional I G = 1 − resonances at the thresholds for heavy meson-antimeson pairs.
Numerous experimental studies at the onset of heavy flavor thresholds have uncovered a rich variety of quarkonium-like states with many of them presenting a challenge for understanding their internal dynamic structure. In particular, some of the observed peaks very near thresholds for heavy meson-antimeson pairs are likely resonant or bound 'molecular' [1] states of such pairs that arise largely due to the interaction between the light components of the heavy mesons. For this reason further studies of the near threshold behavior of the heavy meson pairs can provide an insight into new details of the hadronic strong interaction.
A very clean example of threshold states is presented by the Z b (10610) and Z b (10650) peaks found [2] by the Belle experiment in the decays Υ(5S) → Z b π. These states should undoubtedly contain a light quark-antiquark pair in addition to the heavy quark bb pair, since they come in full isotopic triplets containing the electrically charged ones Z which manifests itself in a comparable rate of their decay into ortho-bottomonium states, Z b → Υ(nS) π (n = 1, 2, 3) and into para-bottomonium Z b → h b (kP ) π (k = 1, 2). Indeed, in each of the heavy mesons in a widely separated meson pair the spin of the b quark (b antiquark) is correlated with the spin of the light antiquark (light quark), so that the system is in a mixed state with respect to the total spin of the bb pair. Namely, the spin structure of the meson-antimeson pairs in terms of the total spin of the bb andpairs is [4] 
This spin structure of the Z b resonances predicts a similarity between the resonances, namely,
and also certain amplitude and phase relations between the amplitudes of the decays involving the Z b resonances [4] . The presently available data generally agree, within the existing uncertainties, with these predictions, although for the amplitude relations between the decays of the Z b states to bottomonium and a pion the agreement is only within two sigma (a recent discussion can be found e.g. in Ref. [8] ). It should be noted, however, that the heavy-light spin structure, described by Eq. (1) is inferred from the that for free pairs of heavy mesons. In order for this description to be fully applicable to the interacting meson pairs, especially when the interaction results in a threshold singularity, it also has to be assumed that, in addition to HQSS, the interaction between the mesons does not depend on the total spin of the light quark-antiquark pair. Indeed, if the interaction in the state 1 one finds [10] , in addition to the two Z b states with
, also four isovector states with negative G parity: two states with J P = 0 + and 2 + at the B * B * threshold, one J P = 1 + state at the B * B threshold, and one 0 + state at the threshold for BB. The interaction between the mesons does not depend on the spin state of the heavy quark pair due to HQSS. If this interaction also does not depend on the light quark spins, the binding in all six channels should be the same. Due to their negative G parity the additional resonances cannot be produced in a single pion emission in e + e − annihilation, however they can be observed in radiative transitions and in processes with emission of ρ in e + e − annihilation at higher energy [10] .
It is quite clear that the status of the HQSS and LQSS is completely different. Namely, the HQSS follows from the underlying QCD and the parameter for this symmetry for the b quarks is Λ QCD /m b . The LQSS apriori has no theoretical justification. In particular, LQSS is manifestly broken by the pion exchange between the heavy mesons. The purpose of this paper is to consider the behavior of the B * B + BB * invariant mass spectrum near the Z b (10650) resonance in the presence of an LQSS breaking potential V . This behavior is sensitive to the potential V (q) in momentum space at the momentum q ≈ M(B) ∆ ≈ 0.5 GeV with ∆ = M(B * ) − M(B) ≈ 45 MeV. The experimental uncertainty in the existing data is still large for a placing a stringent bound on the spin-dependent potential. However, it can already be argued that a full-strength pion exchange would result in an unacceptably large effect, and that a certain suppression is required in order to interpret the data of Ref. [9] .
In what follows it is assumed that the breaking of LQSS by a spin-dependent potential V can be treated as a perturbation over the LQSS limit. It will also be assumed, as indicated by the data, that all the heavy meson pairs in the decay Υ(5S) → B ( * )B( * ) π emerge from the Z b resonances with no non-resonant background. The data [9] are quite consistent with these assumptions. Indeed, the pion in the decay Υ(5S) → Z b π is emitted in the S wave, and the chiral symmetry requires that the amplitude is proportional to the pion energy.
Moreover, in the HQSS and LQSS limit the coupling in this amplitude is the same for both Z b resonances. Thus one can estimate the relative yield of the two types of the heavy meson pairs as can be fixed to its threshold value q ≈ 0.5 GeV. The energy transfer at this point is small, q 0 = ∆/2, and can be neglected. Only the absorptive part of the meson loop in Fig. 1b can be found reliably from the unitarity on-shell cut, while the dispersive part, determined by off-shell contribution, is not calculable at present. The latter part however is a smooth function of k 2 and can be approximated by a constant. After a straightforward calculation one can find the amplitude for the production of the B * B + BB * channel in the form
where M = M(B * ), µ is a constant (of order Λ QCD ) parametrizing the dispersive part of the loop in Fig. 1b , and A 1 and A 2 stand for the resonant amplitudes
Finally, the part of the amplitude (3) proportional to k is the absorptive part unambiguously determined from unitarity. Using the expression (3), the rate of production of the B * B + BB * pair can be written in terms of the pure resonant rate through the Z b (10610) and a multiplicative factor R:
with R(E) given by
The amplitudes A 1 and A 2 can be taken in the Breit-Wigner form with the coefficients being the same in the symmetry limit. [And, as discussed above in connection with Eq.(2), this limit is in a reasonable agreement with the existing data.] Thus the ratio of the resonant amplitudes in Eq.(6) takes the form
with the indices 1 and 2 denoting respectively the parameters of the Z b (1061) and Z b (10650) resonances, and δ 1 and δ 2 being the non-resonant scattering phases for the corresponding channels.
The non-resonant scattering phases are slowly varying in the energy range around E = M 2 considered here, and their difference in Eq. (7) can be approximated by a constant within the width Γ 2 at the Z b (10650) resonance. As a result the effect of the rescattering on the production of the B * B + BB * pairs near this resonance is described by three real constants:
, all of which can in principle be determined from the data, provided that a more accurate experimental information becomes available. For an approximate estimate, based on the existing data [9] , one can notice that the difference of the non-resonant phases is not expected to be large, and can be neglected altogether. The main effect in the factor R(E) is the rapidly varying proportionally to k absorptive part of the rescattering amplitude. This effect is maximal and linear in V when E is within Γ 2 /2 ≈ 6 MeV from the Z b (10650) resonance, i.e. at k less than about 180 MeV, and the parameter for the deviation of R from one is approximately given by
Within the uncertainties, the available data possibly allow for a variation of the yield of B * B + BB * around the invariant mass 10.65 GeV, comparable with the yield itself (already small in comparison with the maximum at low invariant mass due to the Z b (10610) resonance). However no major feature is present in the data on the spectrum at that energy.
Thus it is likely appropriate to conclude that q ≈ 0.5 GeV the spin-dependent potential V (q) should not be much larger than the inverse of 2.3 GeV 2 .
It is instructive to compare the latter estimate with the only a somewhat reliably known spin-dependent interaction between the heavy mesons, namely the one generated by pion exchange. The interaction of the mesons with the pion triplet π a is described by the effective
where a nonrelativistic normalization is implied for the heavy mesons, and τ a are the Pauli matrices. The charged pion decay constant f π ≈ 132 MeV is used for normalization, and the dimensionless constant can be evaluated using the heavy quark limit and the known [11, 12] rate of the decay D * + → Dπ: g 2 ≈ 0.15. The pion exchange between the mesons in the
This potential, if used without a damping form factor, corresponds to the factor in Eq. (8) V (q)×2.3 GeV 2 ≈ 12, and, even with the uncertainty inherent in the present estimates of the effect, would give rise to a very significant variation of the yield in the B * B + BB * channel at the invariant mass in the vicinity of the higher resonance Z b (10650) that likely would not be compatible with the data [9] . It can be noted that interaction arising from exchange of other pseudoscalar mesons, the η (recently considered in detail in Ref. [14] ) and η ′ , does not cancel by itself the effect of the pion exchange at q ≈ 0.5 GeV due to larger masses of those mesons. Thus a suppression of the force induced by the pion exchange has to come from a form factor in the interaction (10) . 
